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Introduction {#sec005}
============

Hepatocellular carcinoma (HCC) is the second leading cause of cancer death worldwide \[[@pone.0231427.ref001]\]. Molecular-targeted agents are recommended for the treatment of patients with well-preserved liver function (Child-Pugh classification of A) when HCC progression is diagnosed as Barcelona Clinic Liver Cancer (BCLC) stages B or C \[[@pone.0231427.ref002]\]. These agents were also shown to be effective for patients with BCLC stage B HCC who were refractory to transcatheter arterial chemoembolization (TACE) \[[@pone.0231427.ref003]\]. According to the REFLECT trial, a global multicenter randomized phase 3 trial, lenvatinib was shown to be not inferior to sorafenib when overall survival (OS) was used as the primary endpoint for patients with unresectable HCC \[[@pone.0231427.ref004]\]. In this trial, the objective response rate (ORR) was significantly higher among patients receiving lenvatinib (40.6%) than among those receiving sorafenib (12.4%) based on a masked independent imaging review using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) \[[@pone.0231427.ref005]\]. In real-world practice, however, the OS rate (OSR) as well as the ORR and the relation between OSR and ORR are uncertain. Moreover, possible adverse events including a deterioration in liver function during lenvatinib administration remain to be elucidated. Thus, in the present paper, the middle-term outcomes of patients at 12 months after the initiation of lenvatinib were evaluated in relation to the short-term therapeutic efficacy assessed according to the mRECIST.

Patients and methods {#sec006}
====================

Patients and study design {#sec007}
-------------------------

The subjects were 69 patients with HCC receiving lenvatinib at Saitama Medical University Hospital between March 2018 and June 2019. The demographic features and clinical characteristics of the patients were evaluated retrospectively. The study was approved by the Institutional Review Board of the Saitama Medical University Hospital (19080.01), and written informed consent for lenvatinib administration was obtained from all the patients at the initiation of treatment. Informed consent for the study was obtained in the form of opt-out consent on the website of Saitama Medical University Hospital (<http://www.saitama-med.ac.jp/hospital/outline/irb_kouhou.html>).

The extents of liver damage were assessed using the Child-Pugh classification and albumin-bilirubin (ALBI) score and the modified ALBI (mALBI) grades \[[@pone.0231427.ref006]\], while the extent of HCC progression was assessed according to the BCLC staging \[[@pone.0231427.ref002]\]. In patients receiving previous TACE, TACE refractoriness was determined according to the criteria proposed by the Japan Society of Hepatology (JSH) and the Liver Cancer Study Group of Japan \[[@pone.0231427.ref003], [@pone.0231427.ref007], [@pone.0231427.ref008]\].

Therapy using lenvatinib and evaluation of therapeutic efficacy and adverse events {#sec008}
----------------------------------------------------------------------------------

Lenvatinib (Eisai Co., Ltd, Tokyo, Japan) was administered once a day at a dose of 8 mg for patients with a body weight of less than 60 kg, and at a dose of 12 mg for those with a body weight of 60 kg or more. The starting doses were reduced from 12 mg to 8 mg or from 8 mg to 4 mg in patients manifesting a Child-Pugh score of 7, and the doses were subsequently increased to the standard doses according to body weight if adverse events did not appear. In contrast, the doses were reduced or the therapies were discontinued when severe adverse events appeared.

The early therapeutic efficacy was evaluated using contrast-enhanced CT images obtained between 4 and 8 weeks after the initiation of lenvatinib therapy according to mRECIST, in which tumor response are assessed as follows; CR: the disappearance of any intratumor arterial enhancement in all target lesions, PR: at least a 30% decrease in the sum of diameters of viable (enhancement in the arterial phase) target lesions, PD: an increase of at least 20% in the sum of diameters of viable (enhancing) target lesions and SD: any cases that do not qualify for either PR or PD \[[@pone.0231427.ref005]\]. Adverse events were assessed according to the Common Terminology Criteria for Adverse Events (CTCAE), version 4.0, published by the National Cancer Institute \[[@pone.0231427.ref009]\].

Statistical analysis {#sec009}
--------------------

The therapeutic efficacies of lenvatinib were compared among patients manifesting different characteristics using the Fisher's exact test. A multivariate logistic regression analysis was performed to identify significant factors associated with early therapeutic efficacy. The Wilcoxon signed-rank test was used to compare liver function at baseline and that during the therapies. The time to tumor progression and the cumulative survival rates after the initiation of lenvatinib were calculated using the Kaplan-Meier method, followed by comparison using the log-rank test. The factors associated with survival rates were also analyzed using the Cox proportional hazard regression analysis. *P* values of less than 0.05 were considered statistically significant.

Results {#sec010}
=======

Demographic features and clinical characteristic of patients {#sec011}
------------------------------------------------------------

The demographic features and clinical characteristics of 69 patients are shown in [Table 1](#pone.0231427.t001){ref-type="table"}. The patients consisted of 45 men and 24 women with a median age of 73 years ranging from 51 to 86 years. The baseline Child-Pugh scores were 5, 6 and 7 in 31 (44.9%), 32 (46.4%) and 6 patients (8.7%), respectively, and the baseline mALBI grades were 1, 2a and 2b in 20 (29.0%), 20 (29.0%) and 29 patients (42.0%), respectively.

10.1371/journal.pone.0231427.t001

###### Demographic features and clinical characteristics of 69 patients with hepatocellular carcinoma receiving lenvatinib.
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  No. of patients (%)                                                                                      
  ---------------------------------------------------- --------------------------------------------------- --------------------------------------
  Age: years old                                       medium (range)                                      73 (51--86)
  Sex                                                  men : women                                         45 (65) : 24 (35)
  Etiology                                             HCV : HBV : alcohol : others                        37 (54) : 7 (10) : 13 (19) : 12 (17)
  Child-Pugh score                                     5 : 6 : 7                                           31 (45) : 32 (46) : 6 (9)
  ALBI grade                                           1: 2a : 2b                                          20 (29) : 20 (29) : 29 (42)
  BCLC stage                                           A : B : C                                           17 (25) : 22 (32) : 30 (43)
  Maximum tumor size (mm)                              medium (range)                                      28 (8--200)
  Tumor multiplicity                                   1 : 2 , 3 : 4--9 : ≥10                              9 (13) : 26 (38) : 15 (22) : 19 (28)
  Vp                                                   0 : 1 : 2 : 3                                       51 (74) : 7 (10) : 2 (3) : 9 (13)
  Extrahepatic metastasis                              absent : present                                    56 (81) : 13 (19)
  AFP (ng/mL)                                          \<200 : ≥200                                        48 (70) : 21 (30)
  Previous TACE/TAI therapy                            none : once : twice : 3 times or more               7 (10) : 11 (16) : 10 (14) : 41 (59)
      TACE refractoriness                              absent : present                                    41 (66) : 21 (34)
  Previous therapies using molecular-targeted agents   none: sorafenib : regorafenib following sorafenib   55 (80) : 10 (14) : 4 (6)

HCV: hepatitis C virus, HBV: hepatitis B virus, ALBI: albumin bilirubin, BCLC: Barcelona Clinic Liver Cancer, Vp; tumor thrombosis in the portal vein, AFP: alpha-fetoprotein, TACE: transcatheter arterial chemoembolization, TAI: transcatheter arterial infusion chemotherapy

Among the 69 patients, 67 patients (97.1%) had undergone previous treatments for HCC that did not involve the use of molecular-targeted agents: liver resection had been performed in 16 patients, radiofrequency ablation (RFA) had been performed in 24 patients, and TACE and/or transcatheter arterial infusion chemotherapy (TAI) had been performed in 62 patients including 21 patients who were subsequently diagnosed as having TACE refractoriness. Moreover, 14 patients had received previous therapies with molecular-targeted agents: 10 patients had received sorafenib, and 4 patients had received sorafenib followed by regorafenib. HCC progression at the initiation of lenvatinib was classified as BCLC stages A, B and C in 17 (24.6%), 22 (31.9%) and 30 patients (43.5%), respectively. Among the 17 patients with BCLC stage A HCC at baseline, lenvatinib therapy was performed in 2 patients who had achieved HCC downsizing following partially successful TACE and/or TAI procedures done between 5 and 10 weeks before and in 14 patients who had not received RFA or surgical resection because of tumor location or the extent of liver damage and/or the wishes of the patients. One treatment-naïve patient received lenvatinib therapy because of an underlying lung disease that prohibited RFA, surgical resection and TACE using antineoplastic agents. Among the 22 patients with stage B HCC, lenvatinib therapy was performed following ineffective or partially successful TACE and/or TAI in 21 patients done between 5 and 64 weeks before. Another TACE-naïve patient received lenvatinib therapy for recurrence after hepatectomy done 49 weeks before. Among 30 patients with stage C HCC, lenvatinib therapy was performed following ineffective TACE and/TAI in 16 patients done between 3 and 27 weeks before. In all patients receiving the prior therapies for HCC, CT and/or MRI examinations were done from 3 to 81 weeks later, and lenvatinib administration was initiated within 17 weeks after the examinations. The extent of tumor thrombosis in the portal vein was classified as Vp1 (segmentary), Vp2 (secondary-order branch) and Vp3 (first-order branch) in 7, 2 and 9 patients, respectively. Extrahepatic metastasis was present in 13 patients (18.8%).

Therapeutic efficacy of lenvatinib {#sec012}
----------------------------------

Among the 69 patients, early therapeutic efficacy was only evaluated in 54 patients, since a contrast-enhanced CT examination had not been done because of impaired renal function and/or transfer to a regional hospital in 15 patients. The percentages of patients achieving CR, PR, SD and PD were 3.7%, 44.4%, 37.0% and 14.8%, respectively ([Table 2](#pone.0231427.t002){ref-type="table"}). Thus, the ORR, which represents the total percentage of patients achieving a CR or PR, was 48.1%; the ORRs were 75.0%, 63.2% and 21.7% in patients with BCLC stage A, B and C, respectively, and the rates differed significantly depending on the extent of HCC progression (*P* = 0.001). Similarly, the ORRs were significantly higher in patients without extrahepatic metastasis than in those with metastasis (56.8% vs. 10.0%, *P* = 0.012) and in patients with serum AFP levels of \<200 ng/mL than in those with levels ≥200 ng/mL (63.2% vs. 12.5%, *P* = 0.001), while it was not different between those with and those without portal vein tumor thrombosis (28.6% vs. 55.5%, *P* = 0.124). In contrast, early therapeutic efficacy did not differ depending on the ages of the patients and their liver functions, such as the Child-Pugh scores and mALBI grades. The ORR was 49.0% in 49 patients receiving previous TACE and/or TAI and was 66.7% even in 15 patients diagnosed as having TACE refractoriness. In contrast, a CR was obtained in no patients, and the ORR was 33.3% in 12 patients who received previous treatment with regorafenib and/or sorafenib.

10.1371/journal.pone.0231427.t002

###### Early therapeutic efficacy of lenvatinib in patients with unresectable hepatocellular carcinoma (HCC) evaluated using contrast-enhanced Computed Tomography (CT) performed between 4 and 8 weeks after lenvatinib initiation according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST) and factors associated with efficacy.
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                              Univariate analysis   Multivariate analysis                                                                                
  --------------------------- --------------------- ----------------------- ----------- ----------- ----------- ---------- ------- ------- ------------- -------
  Total                       54                    2 (3.7)                 24 (44.4)   20 (37.0)   8 (14.8)    −                                        
  Age: years                  \< 70                 17                      0           8 (47.1)    6 (35.3)    3 (17.6)   0.999                         
  ≥ 70                        37                    2 (5.4)                 16 (43.2)   14 (37.8)   5 (13.5)                                             
  Etiology                    HCV                   29                      0           13 (44.8)   9 (31.0)    7 (24.1)   0.785                         
  Others                      25                    2 (8.0)                 11 (44.0)   11 (44.0)   1 (4.0)                                              
  Child-Pugh score            5                     25                      1 (4.0)     14 (56.0)   6 (24.0)    4 (16.0)   0.172                         
  6, 7                        29                    1 (3.4)                 10 (34.5)   14 (48.3)   4 (13.8)                                             
  mALBI grade                 1                     16                      0           9 (56.3)    5 (31.3)    2 (12.5)   0.554                         
  2a, 2b                      38                    2 (5.3)                 15 (39.5)   15 (39.5)   6 (15.8)                                             
  BCLC stages                 A                     12                      0           9 (75.0)    2 (16.7)    1 (8.3)    0.001   6.64    1.70--25.87   0.006
  B                           19                    2 (10.5)                10 (52.6)   5 (26.3)    2 (10.5)                                             
  C                           23                    0                       5 (21.7)    13 (56.5)   5 (21.7)    1                                        
  Vp                          0                     40                      2 (5.0)     20 (50.0)   11 (27.5)   7 (17.5)   0.124                         
  1--3                        14                    0                       4 28.6)     9 (64.3)    1 (7.1)                                              
  Extrahepatic metastasis     Absent                44                      2 (4.5)     23 (52.3)   15 (34.1)   4 (9.1)    0.012   −       −             −
  Present                     10                    0                       1 (10.0)    5 (50.0)    4 (40.0)    −                                        
  AFP: ng/mL                  \< 200                38                      2 (5.3)     22 (57.9)   11 (28.9)   3 (7.9)    0.001   10.45   1.87--58.51   0.008
  ≥ 200                       16                    0                       2 (12.5)    9 (56.3)    5 (31.3)    1                                        
  TACE, TAI                   Naïve                 5                       0           2 (40.0)    1 (20.0)    2 (40.0)   0.999                         
  Experienced                 49                    2 (4.1)                 22 (44.9)   19 (38.8)   6 (12.2)                                             
  TACE refractoriness         15                    2 (13.3)                8 (53.3)    3 (20.0)    2 (13.3)    −                                        
  Molecular targeted agents   Naïve                 42                      2 (4.8)     20 (47.6)   17 (40.5)   3 (7.1)    0.332                         
  Experienced                 12                    0                       4 (33.3)    3 (25.0)    5 (41.7)                                             

CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease, mALBI: modified albumin bilirubin, BCLC: Barcelona Clinic Liver Cancer, Vp; tumor thrombosis in the portal vein, AFP: alpha-fetoprotein, TACE: transcatheter arterial chemoembolization, TAI: transcatheter arterial infusion chemotherapy

A multivariate analysis revealed that BCLC staging and the baseline serum AFP level were significant factors associated with early therapeutic efficacy, with odds ratios of 6.64 (A and B vs. C; *P* = 0.006) and 10.45 (\<200 ng/mL vs. ≥200 ng/mL; *P* = 0.008) ([Table 2](#pone.0231427.t002){ref-type="table"}), respectively.

The median time to tumor progression (TTP) in these 54 patients was 133 days ([Fig 1A](#pone.0231427.g001){ref-type="fig"}), and did not differ among patients with BCLC stages A, B and C HCC (164, 117 and 186 days, respectively ([Fig 1B](#pone.0231427.g001){ref-type="fig"}).

![Cumulative non-progression rates using the Kaplan-Meier method in 54 patients in whom early therapeutic efficacy was evaluated.\
a) The median time to tumor progression (TTP) was 133 days. b) TTP did not differ depending on the Barcelona Clinic Liver Cancer (BCLC) stages. The median TTP were 164, 117 and 186 days in patients with stages A, B and C HCC, respectively.](pone.0231427.g001){#pone.0231427.g001}

Liver function in patients receiving lenvatinib {#sec013}
-----------------------------------------------

Liver function during lenvatinib administration was evaluated in 57 patients, since 5 patients were transferred to regional hospitals and treatment was discontinued because of adverse events in 7 patients within 4 weeks after the initiation of lenvatinib. The median ALBI scores had deteriorated significantly at 4 weeks after the initiation of lenvatinib (-2.01, range -2.90 to -0.99), compared with the baseline scores (-2.42, range -3.16 to -1.40) (*P*\<0.01), and the significant derangement persisted until 12 weeks; the median scores were -2.11 (-3.13 to -0.36) at 8 weeks and -2.13 (-2.99 to -0.39) at 12 weeks ([Fig 2A](#pone.0231427.g002){ref-type="fig"}). A similar deterioration was seen in patients manifesting mALBI grade 1 at baseline ([Fig 2B](#pone.0231427.g002){ref-type="fig"}) as well as those manifesting mALBI grades 2a and 2b ([Fig 2C and 2D](#pone.0231427.g002){ref-type="fig"}).

![Albumin-bilirubin (ALBI) scores in 57 patients with unresectable hepatocellular carcinoma (HCC) receiving lenvatinib for at least 4 weeks.\
a) The median ALBI scores of patients had deteriorated significantly at 4 weeks (-2.01, range -2.90 to -0.99), 8 weeks (-2.11, range -3.13 to -0.36) and 12 weeks (-2.13, range -2.99 to -0.39) after the initiation of lenvatinib, compared with the baseline values (-2.42, range -3.16 to -1.40) (P\<0.01). A similar deterioration was seen in patients manifesting modified ALBI (mALBI) grades 1, 2a and 2b at baseline. The median ALBI scores at baseline and at 4, 8 and 12 weeks after the initiation of lenvatinib were -2.87 (-3.16 to -2.65), -2.50 (-2.90 to -1.57), -2.53 (-3.13 to -0.54) and -2.60 (-2.96 to -1.93) in patients manifesting mALBI grade 1 (b), -2.44 (-[2.56]{.ul} to -[2.30]{.ul}), -2.26 (-2.61 to -1.37), -2.19 (-2.76 to -1.58) and -2.21 (-2.99 to -1.14) in patients manifesting mALBI grade 2a (c), and -[1.91]{.ul} (-[2.27]{.ul} to -[1.40]{.ul}), -1.56 (-2.11 to -0.99), -1.47 (-2.14 to -0.36) and -1.39 (-2.39 to -0.39) in patients manifesting mALBI grade 2b (d), respectively. \*P\<0.01 vs. baseline.](pone.0231427.g002){#pone.0231427.g002}

Outcome of patients receiving lenvatinib {#sec014}
----------------------------------------

The cumulative OSRs at 24 and 48 weeks after the initiation of lenvatinib were 88.5% and 73.9%, respectively ([Fig 3A](#pone.0231427.g003){ref-type="fig"}). The cumulative survival rates did not differ between patients with stages A and B HCC and those with stage C HCC ([Fig 3B](#pone.0231427.g003){ref-type="fig"}). Similarly, the rates did not differ between patients with and those without tumor thrombosis in the portal vein, those with and those without extrahepatic metastasis, and those with serum AFP levels \<200 ng/mL and those with levels ≥200 ng/mL ([Table 3](#pone.0231427.t003){ref-type="table"}). In contrast, the rates differed depending on liver function at baseline ([Fig 3C](#pone.0231427.g003){ref-type="fig"}); the rates at 48 weeks were 90.9% in patients manifesting mALBI grade 1 and grade 2a, and these values were significantly higher than the rate in patients manifesting mALBI grade 2b (46.6%) (*P*\<0.01). Moreover, the outcomes of patients differed depending on the early therapeutic efficacy of lenvatinib as evaluated using contrast-enhanced CT between 4 and 8 weeks after the initiation of lenvatinib; the rates at 24 and 48 weeks were 95.5% and 95.5%, respectively, in patients achieving CR or PR, and both rates were significantly higher than the rates in those showing no response (84.0% and 54.3%, respectively; *P*\<0.01) ([Fig 3D](#pone.0231427.g003){ref-type="fig"}).

![Cumulative survival rates of 69 patients with unresectable hepatocellular carcinoma (HCC) receiving lenvatinib as evaluated using the Kaplan-Meier method.\
a) The cumulative overall survival rates after the initiation of lenvatinib were 88.5% at 24 weeks and 73.9% at 48 weeks. b) The rates did not differ between patients with Barcelona Clinic Liver Cancer (BCLC) stages A and B HCC and those with stage C HCC. c) The rates in patients with modified albumin-bilirubin (mALBI) grade 1 and grade 2a at baseline were 90.9% at 48 weeks; these values were significantly higher than the rate in patients with mALBI grade 2b at baseline (46.6%) (P\<0.01). d) The rates differed depending on the early therapeutic efficacies; the rates at 24 and 48 weeks were significantly higher in patients achieving CR and PR (95.5% and 95.5%, respectively) than in those showing no response (84.0% and 54.3%, respectively) (P\<0.01).](pone.0231427.g003){#pone.0231427.g003}

10.1371/journal.pone.0231427.t003

###### Cumulative survival rates of patients with unresectable hepatocellular carcinoma (HCC) receiving lenvatinib and factors associated with patient outcome.
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                              Kaplan Meier method   Cox proportional hazard regression analysis                                              
  --------------------------- --------------------- --------------------------------------------- ------ ------ -------- ------ ------------ -------
  Total                       69                    88.5                                          73.9   −                                   
  Age: years                  \< 70                 23                                            84.6   76.2   0.79                         
  ≥ 70                        46                    90.2                                          72.7                                       
  Etiology                    HCV                   37                                            91.5   68.2   0.99                         
  Others                      32                    84.5                                          84.5                                       
  Child-Pugh score            5                     31                                            100    86.9   0.01     −      −            −
  6, 7                        38                    78.6                                          63.1   −                                   
  mALBI grade                 1, 2a                 40                                            100    90.9   \<0.01   0.16   0.04--0.59   0.006
  2b                          29                    72.6                                          46.6   1                                   
  BCLC stages                 A                     17                                            100    71.4   0.09                         
  B                           22                    95.0                                          76.7                                       
  C                           30                    76.3                                          70.4                                       
  Vp                          0                     50                                            93.3   76.8   0.41                         
  1--3                        19                    74.2                                          64.9                                       
  Extrahepatic metastasis     Absent                56                                            89.9   71.3   0.37                         
  Present                     13                    81.8                                          81.8                                       
  AFP: ng/mL                  \< 200                48                                            93.2   74.0   0.10                         
  ≥ 200                       21                    73.9                                          73.9                                       
  TACE, TAI                   Naïve                 7                                             83.3   83.3   0.94                         
  Experienced                 62                    89.1                                          73.3                                       
  TACE refractoriness         21                    90.5                                          70.4                                       
  Molecular targeted agents   Naïve                 55                                            89.4   73.3   0.72                         
  Experienced                 14                    84.6                                          74.0                                       
  Early efficacy              CR, PR                26                                            95.5   95.5   \<0.01   0.14   0.02--1.10   0.062
  no response                 43                    84.0                                          54.3   1                                   

mALBI: modified albumin bilirubin, BCLC: Barcelona Clinic Liver Cancer, Vp; tumor thrombosis in the portal vein, AFP: alpha-fetoprotein, TACE: transcatheter arterial chemoembolization, TAI: transcatheter arterial infusion chemotherapy, CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease.

The Cox proportional hazard regression method revealed that the mALBI grade was the only factor that was significantly associated with the cumulative OSRs of patients, with a hazard ratio of 0.16 (grades 1 and 2a vs. 2b; *P* = 0.006), while early therapeutic efficacy tended to be associated, with a hazard ratio of 0.14 (CR and PR vs. no response, *P* = 0.062) ([Table 3](#pone.0231427.t003){ref-type="table"}).

Adverse events {#sec015}
--------------

The adverse events seen during lenvatinib administration are shown in [Table 4](#pone.0231427.t004){ref-type="table"}. Hypothyroidism was seen in 55 patients (81%), followed by proteinuria in 38 patients (55%), appetite loss in 36 patients (52%), general fatigue in 31 patients (44%) and hand-foot syndrome in 28 patients (41%). Percentages of patients manifesting CTCAE grade 3 adverse events were 7% for thrombocytopenia and elevated aspartate aminotransferase, 5% for ascites, 4% for hepatic encephalopathy and increase of serum bilirubin and creatinine, 3% for appetite loss, decrease of serum albumin and proteinuria and 1% for general fatigue and hypothyroidism. Patients manifesting grade 4 adverse events were absent.

10.1371/journal.pone.0231427.t004

###### Adverse events seen during lenvatinib administration in patients with unresectable hepatocellular carcinoma (HCC).
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                                        Number of patients (%)                                  
  ------------------------------------- ------------------------ ---------- ---------- -------- ---
  Hand-foot syndrome                    28 (41%)                 24 (38%)   4 (5%)     0        0
  Rash                                  5 (7%)                   2 (3%)     3 (4%)     0        0
  Diarrhea                              11 (15%)                 9 (13%)    2 (2%)     0        0
  Decreased appetite / Nausea           36 (52%)                 14 (20%)   20 (29%)   2 (3%)   0
  General fatigue                       31 (44%)                 20 (29%)   10 (14%)   1 (1%)   0
  Ascites                               10 (14%)                 3 (4%)     3 (4%)     4 (5%)   0
  Hypertension                          20 (28%)                 4 (5%)     16 (23%)   0        0
  Hepatic encephalopathy                8 (11%)                  3 (4%)     2 (3%)     3 (4%)   0
  Decreased neutrophil count            11 (15%)                 3 (4%)     8 (11%)    0        0
  Anemia                                10 (14%)                 5 (7%)     5 (7%)     0        0
  Thrombocytopenia                      18 (25%)                 6 (8%)     7 (10%)    5 (7%)   0
  Increased blood bilirubin             18 (25%)                 4 (5%)     11 (16%)   3 (4%)   0
  Elevated aspartate aminotransferase   19 (27%)                 11 (16%)   3 (4%)     5 (7%)   0
  Decreased serum albumin               27 (39%)                 13 (20%)   12 (17%)   2 (3%)   0
  Increased serum creatinine            10 (14%)                 5 (7%)     2 (3%)     3 (4%)   0
  Hypothyroidism                        55 (81%)                 20 (30%)   34 (49%)   1 (1%)   0
  Proteinuria                           38 (55%)                 27 (40%)   9(13%)     2 (3%)   0

Representative cases {#sec016}
--------------------

A 78-year-old male patient with alcoholic liver cirrhosis was referred to our hospital for recurrence of HCC. He received hepatic left lateral segmentectomy 11 months ago, but multiple HCC recurrence occurred in the whole residual liver ([Fig 4A](#pone.0231427.g004){ref-type="fig"}). Contrast-enhanced CT images obtained 5 weeks after the initiation of lenvatinib therapy revealed decrease in diameters of enhancement lesions in the arterial phase, and the early therapeutic efficacy was diagnosed as PR ([Fig 4B](#pone.0231427.g004){ref-type="fig"}).

![Contrast- enhanced CT imaging in the arterial phase of a 78-year-old male patient with recurrent HCC.\
a) Multiple HCC are seen in the whole liver before administration of lenvatinib. b) Enhancement lesions are decreased in diameters at 5 weeks after the initiation of lenvatinib.](pone.0231427.g004){#pone.0231427.g004}

A 83-year-old male patient was referred to our hospital for the therapy of large HCC with a diameter of 130 mm. He received transcatheter arterial embolization (TAE) using microspheres for volume reduction of HCC. Contrast-enhanced CT images obtained 4 weeks after TAE revealed multiple enhanced lesions remained within the HCC nodule ([Fig 5A](#pone.0231427.g005){ref-type="fig"}). A CT examination performed 4 weeks following lenvatinib initiation revealed decrease of the enhancement lesions in diameters ([Fig 5B](#pone.0231427.g005){ref-type="fig"}), and the early therapeutic efficacy was diagnosed as PR.

![Contrast-enhanced CT imaging in the arterial phase of a 83-year-old male patient with large HCC.\
a) Multiple enhanced lesions are seen within the HCC nodule before administration of lenvatinib, despite TAE using microspheres was performed. b) The enhancement lesions are decreased in diameters at 4 weeks after the initiation of lenvatinib.](pone.0231427.g005){#pone.0231427.g005}

Discussion {#sec017}
==========

In the present study, the ORR in patients receiving lenvatinib as assessed using mRECIST based on contrast-enhanced CT imaging performed between 1 and 2 months after the initiation of treatment was 48.1%, and this value was similar to the value (40.6%) obtained in the REFLECT trial \[[@pone.0231427.ref004]\]. Similar results were obtained in real-world practice; Hiraoka *et al*. reported that based on observations made in a small cohort, a CR or PR was achieved in 40.7% of patients with unresectable HCC at 4 weeks after the initiation of lenvatinib \[[@pone.0231427.ref010]\]. In our cohort, the early therapeutic efficacies differed depending on the extent of HCC progression. The ORR was 63.2% in 19 patients with BCLC stage B HCC, while it was 21.7% in 23 patients with BCLC stage C HCC; the former value was equivalent to that of patients enrolled in the REFLECT trial, in which an ORR was achieved in 61.3% of the patients with BCLC stage B HCC \[[@pone.0231427.ref004]\]. An excellent therapeutic efficacy, as shown by an ORR of 75.0%, was also obtained in patients with BCLC stage A HCC receiving lenvatinib in whom those following downsizing of tumor volume by prior TACE and/or TAI were included, and an ORR of 66.7% was obtained even for patients with TACE refractoriness. These data suggest that lenvatinib may have an excellent early therapeutic efficacy in patients with intermediate stage HCC as a second-line therapy following TACE and/or TAI even if the prior therapies are ineffective.

According to the criteria proposed by the JSH and the Liver Cancer Study Group of Japan \[[@pone.0231427.ref003], [@pone.0231427.ref007], [@pone.0231427.ref008]\], TACE refractoriness is defined as the progression of HCC even after 2 or more consecutive TACE procedures in which the switching of antineoplastic agents and/or a reevaluation of the feeding arteries was adopted. Thus, in general, second-line therapies after TACE and/or TAI are performed after at least two previous procedures that were ineffective. However, Hiraoka *et al*. reported that repeated TACE procedures can lead to a deterioration of liver function \[[@pone.0231427.ref011]\]; following each TACE procedure, the Child-Pugh scores had worsened to grade B in 9%-14% of patients who had been classified as grade A at baseline. We previously reported that the response rate of TACE using miriplatin was lower in patients receiving the procedure following unsuccessful TACE using antineoplastic agents other than miriplatin, compared with those receiving the procedure without prior TACE procedures \[[@pone.0231427.ref012]\]. Thus, in clinical practice, chemotherapy using lenvatinib is recommended to be performed without unnecessary TACE and/or TAI procedures in patients with intermediate stage HCC in whom TACE refractoriness is suspected based on their clinical features \[[@pone.0231427.ref013], [@pone.0231427.ref014]\], similar to chemotherapy using sorafenib \[[@pone.0231427.ref007]\]. This matter should be confirmed in the future studies. In the present study, a multivariate analysis revealed that serum AFP levels of less than 200 ng/mL as well as BCLC stages A and B were significant factors that were independently associated with the early therapeutic efficacy of lenvatinib. The significance of serum AFP levels has also been shown in treatment using sorafenib \[[@pone.0231427.ref015]\], since the tumor control rate is higher in patients with low serum AFP levels than in those with high serum AFP levels. Considering these observations, chemotherapy using lenvatinib merits consideration especially in patients with BCLC stage B HCC manifesting as low serum AFP levels prior to TACE and/or TAI procedures.

In the present study, the relation between objective response rates and survival outcome were evaluated in patients receiving lenvatinib, which were not clarified in the REFLECT trial and the previous study regarding the real-world practice \[[@pone.0231427.ref004], [@pone.0231427.ref010]\]. As shown in [Table 3](#pone.0231427.t003){ref-type="table"}, the early therapeutic efficacy of lenvatinib therapy assessed using mRECIST was a significant factor associated with the cumulative survival rates of patients until 48 weeks after the initiation of lenvatinib in a univariate analysis and tended to also be associated with the middle-term outcome in the multivariate analysis. The EASL clinical practice guidelines recommend that the early therapeutic efficacies of loco-regional therapies for HCC be evaluated using mRECIST \[[@pone.0231427.ref002]\], and a meta-analysis revealed that the therapeutic efficacy according to mRECIST was a prognostic factor that was independently associated with the cumulative survival rates of patients receiving loco-regional therapies \[[@pone.0231427.ref016]\]. Moreover, early therapeutic efficacy according to mRECIST has been shown to be associated with the outcome of patients with unresectable HCC receiving sorafenib; the cumulative survival rates were higher in responders than in non-responders \[[@pone.0231427.ref017]--[@pone.0231427.ref020]\], and the SILIUS study, a prospective comparative study, revealed that the median survival duration of responders was 27.2 months, which was significantly longer than that in non-responders (8.9 months) \[[@pone.0231427.ref021]\]. These observations were in line with those made in the present study evaluating patients receiving lenvatinib.

In the present study, liver function evaluated using the mALBI grade was also crucial to determine the cumulative survival rates of patients with unresectable HCC receiving lenvatinib therapy. The cumulative survival rate was 100% in patients manifesting a mALBI grade 1 at baseline, and the impact of the mALBI grade on the middle-term outcome was similar to the early therapeutic efficacy of lenvatinib; the hazard ratios were 0.16 for mALBI grade (grades 1 and 2a vs. grade 2b) and 0.14 for early therapeutic efficacy (CR and PR vs. no response). Similar results were obtained in patients receiving chemotherapy using sorafenib for unresectable tumors \[[@pone.0231427.ref022], [@pone.0231427.ref023]\], regorafenib following sorafenib \[[@pone.0231427.ref024]\], and sequential therapies including lenvatinib \[[@pone.0231427.ref025]\]. These observations also prompted us to recommend that patients, in whom TACE refractoriness might be present receive chemotherapy using lenvatinib without receiving unnecessary TACE and/or TAI procedures. Of note, however, the liver function assessed using the ALBI scores deteriorated even in patients receiving lenvatinib during the 12 weeks of therapy, as shown in [Fig 1](#pone.0231427.g001){ref-type="fig"}. The impact of such an early deterioration in the ALBI scores on the long-term outcomes of patients should be investigated in the future.

As shown in [Table 4](#pone.0231427.t004){ref-type="table"}, among various adverse events seen in patients receiving lenvatinib, hypothyroidism was the most frequent event, followed by proteinuria, appetite loss and general fatigue. Percentages of patients manifesting these events were higher than those shown in the REFLECT trial \[[@pone.0231427.ref004]\], while percentages of patients manifesting CTCAE grade 3 or more adverse events were in line with the trial.

The present study was done retrospectively in a single institute subjected for a small number cohort without a control group. Although early therapeutic efficacy of lenvatinib and the middle-term outcome of the patients were evaluated, effects of both outcome on the long-term outcome of patients were not clarified. Moreover, the heterogeneity of duration between the prior therapies and lenvatinib administration, number of the prior therapies and duration of CT and/or MRI examinations after the prior therapies may affect the middle-term outcome of patients. These limitations should be clarified prospectively in a multi-centric study subjected to large number cohort in the future.

In conclusion, chemotherapy using lenvatinib produced a high ORR in patients with BCLC stage B HCC or stage A HCC following prior TACE and/or TAI procedures, especially in those manifesting low serum AFP levels, and a favorable middle-term outcome was obtained in patients with mALBI grades 1 and 2a at baseline when they achieved a CR or PR according to mRECIST after between 4 and 8 weeks of therapy.

10.1371/journal.pone.0231427.r001

Decision Letter 0

Alpini

Gianfranco D.

Academic Editor

© 2020 Gianfranco D. Alpini

2020

Gianfranco D. Alpini

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

13 Jan 2020

PONE-D-19-34992

Therapeutic Efficacy of Lenvatinib for Patients with Unresectable Hepatocellular Carcinoma Based on the Middle-Term Outcome

PLOS ONE

Dear Dr. Satoshi Mochida,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript within 60 days. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Gianfranco D. Alpini

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Thank you for including your ethics statement: \'The study was approved by the Institutional Review Board of the Hospital (19080.01)\'.\"  

a.Please amend your current ethics statement to include the full name of the ethics committee/institutional review board(s) that approved your specific study.  

b.Once you have amended this/these statement(s) in the Methods section of the manuscript, please add the same text to the "Ethics Statement" field of the submission form (via "Edit Submission").

For additional information about PLOS ONE ethical requirements for human subjects research, please refer to <http://journals.plos.org/plosone/s/submission-guidelines#loc-human-subjects-research>.

3\. Thank you for stating the following financial disclosure:

\"Satoshi Mochida has received speaking fees or honoraria from AbbVie GK, Gilead Sciences Inc., Otsuka Pharmaceutical Co., Ltd., Bristol Myers Squibb Co., Sumitomo Dainippon Pharma Co., ASKA Pharmaceutical Co., Ltd., Toray Medical Co. Ltd., Asahi Kasei Pharma Co., Kyowa Hakko Bio Co. Ltd., has received research grants from Gilead Sciences Inc., EA Pharma Co. Ltd., Janssen Pharmaceutical K.K., Kowa Co. Ltd., MSD K.K., AbbVie GK., Sumitomo Dainippon Pharma Co., Mochida Pharmaceutical Co. Ltd., Daiichi Sankyo Co. Ltd., Toray Medical Co. Ltd., Chugai Pharmaceutical Co. Ltd., SRL Inc., Japan Blood Products Organization.\"            

Please state what role the funders took in the study.  If the funders had no role, please state: \"The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\"

If this statement is not correct you must amend it as needed.

Please include this amended Role of Funder statement in your cover letter; we will change the online submission form on your behalf.

4\. Thank you for stating the following in the Financial Disclosure section:

\"Satoshi Mochida has received speaking fees or honoraria from AbbVie GK, Gilead Sciences Inc., Otsuka Pharmaceutical Co., Ltd., Bristol Myers Squibb Co., Sumitomo Dainippon Pharma Co., ASKA Pharmaceutical Co., Ltd., Toray Medical Co. Ltd., Asahi Kasei Pharma Co., Kyowa Hakko Bio Co. Ltd., has received research grants from Gilead Sciences Inc., EA Pharma Co. Ltd., Janssen Pharmaceutical K.K., Kowa Co. Ltd., MSD K.K., AbbVie GK., Sumitomo Dainippon Pharma Co., Mochida Pharmaceutical Co. Ltd., Daiichi Sankyo Co. Ltd., Toray Medical Co. Ltd., Chugai Pharmaceutical Co. Ltd., SRL Inc., Japan Blood Products Organization.\"

We note that you received funding from a commercial source: Gilead Sciences Inc., EA Pharma Co. Ltd., Janssen Pharmaceutical K.K., Kowa Co. Ltd., MSD K.K., AbbVie GK., Sumitomo Dainippon Pharma Co., Mochida Pharmaceutical Co. Ltd., Daiichi Sankyo Co. Ltd., Toray Medical Co. Ltd., Chugai Pharmaceutical Co. Ltd., SRL Inc., Japan Blood Products Organization.

Please provide an amended Competing Interests Statement that explicitly states this commercial funder, along with any other [relevant declarations](http://www.plosone.org/static/competing.action) relating to employment, consultancy, patents, products in development, marketed products, etc.

Within this Competing Interests Statement, please confirm that this does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>).  If there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include your amended Competing Interests Statement within your cover letter. We will change the online submission form on your behalf.

Please know it is PLOS ONE policy for corresponding authors to declare, on behalf of all authors, all potential competing interests for the purposes of transparency. PLOS defines a competing interest as anything that interferes with, or could reasonably be perceived as interfering with, the full and objective presentation, peer review, editorial decision-making, or publication of research or non-research articles submitted to one of the journals. Competing interests can be financial or non-financial, professional, or personal. Competing interests can arise in relationship to an organization or another person. Please follow this link to our website for more details on competing interests: <http://journals.plos.org/plosone/s/competing-interests>

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This study aims to clarify the usefulness of lenvatinib for patients with unresectable HCC. 69 patients with HCC receiving lenvatinib were included. Therapeutic efficacy was evaluated using contrast-enhanced CT images obtained 4-8 weeks after the start of lenvatinib and the middle-term outcome using Kaplan-Meier method. The cumulative survival rates at 48 weeks were significantly higher among patients achieving CR/PR (95.5%). Multivariate analyses revealed that the BCLC stages and the serum AFP levels were significantly associated with therapeutic efficacy. Although this is an interesting report a real life management of HCC with the newly introduced drug lenvatinib some points should be clarified. 

Major comments:

1) Please dedicate a separate paragraph to safety and a table to adverse drug reaction/events\... please discus this issue in comaprison with the registration trial.

2) It is not clear what is the timing of the starting of systemic therapy in patients receiving resection or locoregional therapy. Please specify. This seems particularly relevant because this affects the calculation of the survival in BCLC stages A and B. Indeed it was surprising that all BCLC stages have the same OSRs at 24 and 48 weeks. Arguably the follow up schedule before starting systemic therapy may affect the survival since an early detection of recidivism will be associated with a better survival with respect a recidivism diagnosed for symptoms. This should be discussed and whether high heterogeneity of follow up schedules will be exist this should be considered a limit of the study connected with the design. 

3\) Thus, in clinical practice, chemotherapy using lenvatinib should be performed without unnecessary TACE and/or TAI procedures in patients with intermediate stage HCC in whom TACE refractoriness is suspected based on their clinical features \[12, 13\], similar to chemotherapy using sorafenib \[7\].

This is a strong statement not supported by evidence and not accepted by guidelines. 

Minor comments: Another missing information to be reported even in discussion is the number of TACE performed before starting lenvatinib.

Reviewer \#2: This manuscript evaluated the therapeutic effect of lenvatinib for patients with unresectable HCC. The author found the early efficacy of lenvatinib was associated with BCLC stage and AFP levels. And liver function improved after 48 weeks. The cumulative survival rates only associated with mALBI grade.

Major points:

1\. The adverse events should be evaluated among these patients

2\. The CT imagine for pre and after the treatment for different cases should be included.

3\. Besides the overall survival, it would be interesting to see the TTP number between different grade of HCC.

Minor point:

1\. All the figures needs titles for each sub-figure for better interpreting.

Reviewer \#3: In the present manuscript, Fuchigami A et colleagues investigated the therapeutic efficacy of Lenvatinib for patients with unresectable hepatocellular carcinoma (HCC). They included in this study 69 patients with HCC who were treated with lenvatinib. Authors individuated a favorable middle-term outcome in treated patients, despite the deterioration in ALBI scores during treatment.

Major concerns

\- The manuscript lacks a control group; therefore, the results obtained by authors are almost descriptive. Moreover, the number of patients is limited. The authors should discuss this aspect and reduce their clinical claim in the discussion accordingly.

\- It is not clear the novelty with respect to the cited Lancet paper (ref \#4). Authors should better underscore the novelty of their manuscript.

\- Authors should include the limitations of their study

\- Table 1 should be improved. Headings should be included as well as percentages.

\- mRECIST should be defined in methods

\- Authors should be spelled out all abbreviations at their first use along the manuscript and also in abstract.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0231427.r002

Author response to Decision Letter 0

19 Mar 2020

To Reviewer-1

1\. Please dedicate a separate paragraph to safety and a table to adverse drug reactionevents. Please discus this issue in comaprison with the registration trial.

Descriptions regarding adverse events of lenvatinib were added to Patients & Methods (P4, L20-21), Results (P12, L1-L9) and were summarized in Table 4. In our cohort, hypothyroidism and proteinuria were seen more frequently in comparison with the registration trial, and this matter was described in Discussion (P16, L16-L20).

2\. It is not clear what is the timing of the starting of systemic therapy in patients rceiving resection or locoregional therapy. Please specify.　This seems particularly　relevant because this affects the calculation of the survival in BCLC stages A and B.Indeed it was surpriing that all BCLC stages have the same OSRs at 24 and 48 weeks. Arguably the follow up schedule before starting systemic therapy may affect the survival since an early detection of recidivism will be associated with a better survival with respect a recidivism diagnosed for symptoms. This should be discussed and whether high heterogeneity of follow up schedules will be exist this should be considered a limit of the study connected with the design.

We added descriptions regarding the timing of lenvatinib initiation in patients with stages A, B and C HCC in Results (P5, L19-P6, L3) according to suggestion by the reviewer. The timing of CT and MRI examinations done following prior therapies before lenvatinib initiation was also shown in Results (P6 L3-L5). As pointed out by the reviewer, the heterogeneity of these timing may affect the outcome of patients receiving lenvatinib. These matters were described as the limitation of our study in Discussion (P16, L21-28).

3\. Thus, in clinical practice, chemotherapy using lenvatinib should be performed without unnecessary TACE and/or TAI procedures in patients with intermediate stage HCC in whom TACE refractoriness is suspected based on their clinical features \[12, 13\], similar to chemotherapy using sorafenib \[7\].This is a strong statement not supported by evidence and not accepted by guidelines.

We agree with the comment by the reviewer. Thus, we changed the statement from "should be" to "is recommended to be", and added the description regarding further study in Discussion (P15, L4-7).

4\. Another missing information to be reported even in discussion is the number of TACE performed before starting lenvatinib.

The description regarding the number of TACE and TAI procedures before lenvatinib administration was added to Table 1, and the heterogeneity of number was shown as limitation of the study which may affect the outcome of patients in Discussion (P16, L24-26) according to the suggestion by the reviewer.

To Reviewer-2

1\. The adverse events should be evaluated among these patients

Descriptions regarding adverse events of lenvatinib were added to Patients & Methods (P4, L20-21), Results (P12, L1-L9) and were summarized in Table 4. In our cohort, hypothyroidism and proteinuria were seen more frequently in comparison with the registration trial, and this matter was described in Discussion (P16, L16-L20).

2\. The CT imagine for pre and after the treatment for different cases should be included

We added two representative case reports in Results (P13 L1-P14, L1), and added Figure 4 and Figure 5.

3\. Besides the overall survival, it would be interesting to see the TTP number between grade of HCC.

We evaluated the time to tumor progression (TTP) according to the suggestion by the reviewer, and added description regarding these matters in Result (P8, L4- L6) and Figure 1.

4\. All the figures needs titles for each sub-figure for better interpreting.

We added the title for each sub-figure in Figure 1, 2 and 3 according to the suggestion by the reviewer.

To Reviewer-3

1\. The manuscript lacks a control group; therefore, the results obtained by authors are almost descriptive. Moreover, the number of patients is limited. The authors should discuss this aspect and reduce their clinical claim in the discussion accordingly.

We agree with the comment by the reviewer. Lack of control group and small number cohort were shown as the limitation of the present study in Discussion. (P16 L21-22).

2\. It is not clear the novelty with respect to the cited Lancet paper (ref \#4). Authors should better underscore the novelty of their manuscript.

The relation between objective response rates and survival outcome are uncertain in patients receiving lenvatinib both in REFLECT trial and previous reports regarding real-world practice. We added this description about the novelty of our manuscript in Discussion (P15, L15-17) according to the suggestion by the reviewer.

3\. Authors should include the limitations of their study

We added the description regarding the limitations of our study according to the suggestion by the reviewer (P16, L21-28).

4\. Table 1 should be improved. Headings should be included as well as percentages.

We added the heading and percentages of patients in Table 1 according to the suggestion by the reviewer.

5\. mRECIST should be defined in methods

We added the description of mRECIST in Patients & Methods (P4, L15-21) according to the suggestion by the reviewer

6\. Authors should be spelled out all abbreviations at their first use along the manuscript and also in abstract.

Spelled out all abbreviations were added to the revised Abstract according to the suggestion by the reviewer
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